A recA-\\ke gene was identified in the genome of Arabidopsis thaliana by means of PCR using primers designed on the basis of previously reported amino acid sequences of eukaryotic RecA-like proteins. The structure of the gene, termed ArLIM15, was investigated by comparing the primary structure of the genomic DNA with that of the corresponding cDNA. The open reading frame, which was split into 15 exons, was established to have the capacity for encoding a 37.3-kDa polypeptide. The amino acid sequence of the putative product of ArLIM15 showed a high degree of similarity to that of LIM15 in the monocotyledonous plant Lilium, including a 93% identity, and to those of other recyl-like genes in yeasts and vertebrates with identities of 69-71%. Phylogenetic analysis indicated ArLIM15 to be much closer to meiosis-specific LIM15 and DMC1 in Saccharomyces cerevisiae than to RAD51 in 5. cerevisiae and its homologues on an evolutionary scale.
Introduction
The RecA protein in Escherichia coli plays key roles in genetic recombination by finding homologous stretches of sequences between two different DNA molecules and promoting strand exchange.
1 ' 2 In lower eukaryotes, RAD51 in Saccharomyces cerevisiae was shown to be a structural and functional homologue of the recA gene. 3 " 5 A homologue of RAD51 was also found in a fission yeast, Schizosaccharomyces pombe. 6 ' 8 Another recA homologue in S. cerevisiae, termed DMC1, was shown to be preferentially transcribed in meiotic prophase 9 ' 10 and to be specifically involved in meiotic recombination. 9 Rad51 and Dmcl belong to different phylogenetic groups, 6 which indicates that two or more recombination systems exist in yeasts.
Regarding rec^4-like genes in higher eukaryotes, RAD51 homologues have been isolated from vertebrates including humans, 6 ' 7 the mouse, 6 and the chicken, 11 while a gene homologous to DMC1 has so far only been identified in a monocotyledonous plant, Lilium longiflorum. 10 
' 12
The amino acid sequences of the putative products of these genes were deduced on the basis of the cDNA sequences. However, their genomic organization and structures remain to be clarified.
In the present study, we searched for a recA-like gene in
Communicated by Mituru Takanami * To whom correspondence should be addressed. Tel. +81-438-52-3933, Fax. +81-438-52-3934 the genome of Arabidopsis thaliana to examine the ubiquity of such genes in higher plants, since only genes encoding chloroplast-targeted RecA-like proteins have been characterized so far. 13~15 The genomic structure of the gene was analyzed by aligning the nucleotide sequences of both genomic DNA and the corresponding cDNA. A phylogenetic study was also carried out by comparing the amino acid sequence of the putative product of the isolated gene with those of other previously reported recAlike genes.
Materials and Methods

Gene identification
Genomic PCR was performed in a 50 fA volume containing 50 ng of the total DNA of A. thaliana, 1 fiM each of a primer NN12 (5'-TACATIGACAC(A/C)GA (G/A)GGCACITT-3') and a primer NN14 (5'-A(A/C)C ACTGCAACA(C/T)(C/T)(G/A)AACTCITC-3'), 50 mM KC1, 10 mM Tris-HCl, pH 9.0, 0.1% Triton X-100, 1.5 mM MgCl 2 , 0.1 mM each of the dNTPs, and 5 units of Taq DNA polymerase (Promega, USA) in a DNA Thermal Cycler Type PJ480 (Perkin-Elmer Cetus, USA). Reaction conditions were 94° C for 60 sec, 50° C for 60 sec and 70°C for 120 sec for a total of 30 cycles, followed by final extension at 70°C for 10 min. After the reaction, A recyl-like gene in Arabidopsis thaliana the products were analyzed on 1% agarose gels.
Screening of a genomic library
A genomic library of A. thaliana was purchased from Clonetech (USA). Plaque hybridization for the screening was performed according to the standard protocol. 16 
Structural analyses of DNA and RNA
DNA sequencing was carried out according to the chain termination method 17 as described previously, 10 and the reverse transcription-polymerase chain reaction (RT-PCR) was performed as detailed earlier. 18 The first strand of the cDNA was synthesized with a (T) 15 N primer and a poly(A) + RNA from flowers as a template. Figure 3. The phylogenetic tree of the recA homologues in eukaryotes. The tree was produced for the entire regions of the putative products of Liml5, ArLiml5, Dmcl, a human homologue of Rad51 (HsRad51), a mouse homologue of Rad51 (MmRad51), a chicken homologue of Rad51 (ChRad51), a Rad51 homologue in Schizosaccharomyces pombe (SpRad51) and Rad51, according to the unweighted pair group method. 19 The branch lengths are considered to reflect evolutionary distances. The grey thick horizontal bars at branch points show the standard errors.
Portions of the transcript were amplified by PCR with oligomicleotides a (5'-GCTTAGAGACTCTTAGAGCG-3') plus d (5'-GCTTCACAGATTTTGTCAAC-3'), b (5'-GTCTCATGATGCATACCAAG-3') plus e (5'-TTC AGCAATTGGGACAATCC-3') and c (5'-TAGGATT GTCCCAATTGCTG-3') plus f (5'-GTTCGCTCCTCT AATCCTTC-3') (see Fig. lb ) as primers and the first cDNA strand as a template. The 3'-terminal region of the transcript was amplified with primer c plus (T)isN. The 5' terminus of the transcript was determined by 5' rapid amplification of cDNA ends (5'-RACE) using primer d.
Results and Discussion
Isolation of a recA homologue in Arabidopsis thaliana was performed by means of the polymerase chain reaction (PCR) using genomic DNA of A. thaliana as a template. Primers for PCR were designed on the basis of the amino acid sequences highly conserved among putative products of recA homologues in eucaryotes, i.e., LIM15 in Lilium, 12 RAD51 3 and DMC1 9 ' 10 in 5. cerevisiae. A single fragment produced was used as a probe for screening of a genomic library, followed by subcloning and sequence analysis. The gene structure was investigated in detail by comparing the nucleotide sequence of the genomic DNA with that of the corresponding cDNA. The primary structure of the cDNA was determined by sequencing the RT-PCR products with the primers shown in Fig. lb , which are designed to encompass the entire region of the mRNA . Figure 1 shows the gene structure of the recA homologue in A. thaliana, termed ArLIM15. The deduced coding region of ArLIM15 is 1026 bp and is interrupted by 14 introns. Consensus sequences for splicing sites were found at both termini of all introns except intron 14. Introns 7 and 11 split the sequences corresponding to ATPbinding motifs A and B, respectively (Fig. lb) .
The putative gene product of ArLIM15 is 37.3 kDa, consisting of 342 amino acid residues or 7 amino acid residues shorter than that of LIM15 in Lilium. Amino acid similarity between the two products is 93.5% including 84.2% identical amino acid residues, with most of the dissimilarity being found in the amino-terminal regions (Fig. 2) . Similarity was also observed with the putative gene products of DMC1 Phylogenetic analysis of the putative ArLIM15 product and the eukaryotic RecA-like proteins previously reported revealed that the ArLIM 15 product is much closer to meiosis-specific Dmcl than Rad51 on an evolutionary scale (Fig. 3) . Considering that LIM15 and its homologue DMC1 are transcribed exclusively in meiotic prophase 9 ' 10 ' 12 and that DMC1 is essential to the recombination process during meiosis, 9 it is likely that Ar-LIM 15 as well as LIM15 are involved in meiotic recombination. In our recent study, genes highly homologous to LIM15 have been isolated from the genomes of rice, corn and wheat (manuscript in preparation), which strongly suggests a wide distribution of the meiosis-specific recAlike genes in higher plants.
